
I , 
- I .  - 

3368Saw * P  
BELLCOMM, INC. 
955 L'ENFANT PLAU NORTH, S.W. 

SUBJECT: Redundant Molecular  S i e v e  DATE: NovembeT 18,  1968 

WASHINGTON, D.C. 20024 

C o n f i g u r a t i o n  f o r  C02 Removal 
on AAP-2 - Case 620 FROM: J. J. Sakolosky 

ABSTRACT 

The AAP-2 ( A i r  Research)  and MOL (Hami l ton  S t a n d a r d )  

m o l e c u l a r  s i e v e  d e s i g n s  a r e  examined from f u n c t i o n a l  and 

hardware v iewpo in t s .  

are p r e s e n t e d  f o r  each .  

would b e  encoun te red  i n  combining t h e  two d i f f e r e n t  d e s i g n s  i n t o  

an on- l ine /s tand-by  Iaedundant s y s t e m  a re  d i s c u s s e d .  I t  i s  con- 

c l u d e d  t h a t  i f  t h e  L i O H  i s  removed from AAP-2, t h e  m o l e c u l a r  

s i e v e  r e p l a c i n g  i t  shou ld  be  t h e  A i r  Research d e s i g n .  

Design p a r a m e t e r s  and  s y s t e m  s c h e m a t i c s  

A number of  i n t e g r a t i o n  problems t h a t  
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MEMORANDUM FOR F I L E  

I N T R O D U C T I O N  

One 
i s  t o  r e p l a c e  
w i t h  a second 

means o f  improving t h e  AAP-2 per formance  margin  
t he  L i O H ,  which i s  a backup means f o r  C02 removal ,  
mo lecu la r  s i eve .  The new COT removal  svs t em would 

t h e n  c o n s i s t  of an o n - l i n e  molecu la r  s i e v e L w i t h  a s tahd-by  
m o l e c u l a r  s i e v e  p r o v i d i n g  a backup c a p a b i l i t y .  S i n c e  a mole- 
c u l a r  s i e v e  has n e v e r  been o p e r a t e d  i n  zero-G envi ronment ,  
some doub t s  e x i s t  as t o  t h e  r e l i a b i l i t y  of  t h i s  a l l - m o l e c u l a r -  
s i e v e  C 0 2  removal  sys tem.  Some u n p r e d i c t a b l e  f a i l u r e  t h a t  might  
d i s a b l e  b o t h  C02  removal systems cou ld  o c c u r  as a r e s u l t  o f  t h e  
new envi ronment .  It has been proposed  t h a t  t h e  p r o b a b i l i t y  o f  
t h i s  t y p e  o f  c a t a s t r o p h i c  f a i l u r e  cou ld  b e  minimized by u s i n g  
a MOL (Hami l ton  S t a n d a r d )  molecu la r  s i e v e  r a the r  t h a n  t h e  AAP 
( A i r  R e s e a r c h )  molecu la r  s i e v e  as t h e  backup sys tem.  T h i s  
memorandum w i l l  i n v e s t i g a t e  v a r i o u s  a s p e c t s  of t h e  A i r  Resea rch  
and Hamil ton S t a n d a r d  molecu la r  s i e v e s  and whether  a s y s t e m  
u s i n g  b o t h  o f f e r s  any s i g n i f i c a n t  advantages  ove r  a sys tem 
u s i n g  two of  a s i n g l e  d e s i g n .  Appendix A l i s t s  t h e  d e s i g n  
p a r a m e t e r s  a s s o c i a t e d  w i t h  each s i e v e .  Appendix B i n d i c a t e s  
t h e  l e v e l  of redundancy i n c o r p o r a t e d  i n  each d e s i g n .  

TRADEOFF CONSIDERATIONS 

Maximum conf idence  i n  t h e  a b i l i t y  o f  b o t h  pr imary  and 
backup s y s t e m s  t o  a v e r t  t h e  same c a t a s t r o p h i c  f a i l u r e  mode w i l l  
o c c u r  i f  t h e  two systems be ing  c o n s i d e r e d  a r e  of  d i f f e r e n t  b a s i c  
d e s i g n  concep t s ,  such a s  LiOH and a molecu la r  s i e v e  or a molecu- 
l a r  s i e v e  and a molten ca rbona te  C02 removal sys tem.  I f  t h e  
b a s i c  d e s i g n  of  t h e  two systems i s  n o t  d i f f e r e n t ,  t h e n  a t  l e a s t  
one would. l i k e  the  s y s t e m s  t o  be f u n c t i o n a l l y  d i f f e r e n t ,  e . g .  
e l e c t r i c  a c t u a t i o n  ve r sus  pneumatic a c t u a t i o n  o f  t h e  g a s  s e l e c t o r  
v a l v e s  or mechanica l  t i m i n g  v e r s u s  e l e c t r o n i c  t i m i n g  o f  t h e  
a d s o r p t i o n / d e s o r p t i o n  c y c l e .  T h i s  would imply a s i g n i f i c a n t  
hardware d i f f e r e n c e  between t h e  two sys tems and t h e  p r o b a b i l i t y  
o f  s i g n i f i c a n t l y  d i f f e r e n t  f a i l u r e  modes. I f  t h e  o n - l i n e  and 
s tand-by  sys tems a re  no t  f u n c t i o n a l l y  d i f f e r e n t ,  t h e n  t h e  hard-  
ware d i f f e r e n c e s  between t h e  two sys tems a re  p robab ly  minor ,  and 
i t  i s  u n l i k e l y  t h a t  t h e  stand-by sys tem w i l l  be ab le  t o  a v e r t  a 
zero-G f a i l u r e  mode which has d i s a b l e d  t h e  on - l ine  s y s t e m .  I n  
t h i s  c a s e  t h e  most d e s i r a b l e  redundant  c o n f i g u r a t i o n  would use  
t h e  most r e l i a b l e  o f  t h e  c a n d i d a t e  s y s t e m s  i n  b o t h  t h e  o n - l i n e  
and s tand-by p o s i t i o n s .  
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COMPARISON OF A A P  and MOL MOLECULAR SIEVES 

The b a s i c  d e s i g n  concept of b o t h  t h e  A A P  and t h e  MOL 
m o l e c u l a r  s i e v e s  i s  t h e  same. Both sys tems i n c o r p o r a t e  a two- 
bed ad iaba t i c  d e s i g n  w i t h  vacuum d e s o r p t i o n .  A f u n c t i o n a l  com- 
p a r i s o n  o f  t h e  two molecu la r  s i e v e s  i s  shown i n  Tab le  I .  From 
t h e  T a b l e ,  i t  i s  obvious  t ha t  t h e  two molecu la r  s i e v e s  are  func-  
t i o n a l l y  i d e n t i c a l .  

A p a r t s  l i s t  for each of t h e  s i e v e  d e s i g n s  i s  shown 
i n  T a b l e  11. The major  hardware d i f f e r e n c e  between t h e  two 
molecu la r  s i e v e s  i s  t h e  gas  s e l e c t o r  v a l v e  f o r  c o n t r o l l i n g  a i r  
f low th rough  t h e  bed  c a n i s t e r .  The A A P  d e s i g n  u t i l i z e s  a f i v e  
p o r t  v a l v e  i n  c o n t r a s t  to t h e  t h r e e  p o r t  v a l v e  employed by the  
MOL sieve.  The v a l v e s  are a c t u a t e d  pneumat i ca l ly  through oxygen 
p r e s s u r i z a t i o n  i n  b o t h  d e s i g n s .  I n  most o t h e r  c a s e s ,  t h e  c o r r e s -  
ponding  hardware i s  o f  s i m i l a r  b a s i c  d e s i g n  and o p e r a t i o n .  The 
manual i n t e r c o n n e c t  v a l v e s  a s s o c i a t e d  w i t h  t h e  A A P  s i e v e  c o n s t i t u t e  
an added l e v e l  of redundancy and a re  used o n l y  i n  t h e  c a s e  o f  a 
so le i lo id  v a l v e  f a i l u r e .  A schemat ic  f o r  each molecu la r  s i e v e  
d e s i g n  i s  g i v e n  i n  Appendix C .  

I N T E G R A T I O N  PROBLEMS 

A number o f  i n t e g r a t i o n  problems would be  e n c o u n t e r e d  
i n  combining an o n - l i n e  A i r  Research m o l e c u l a r  s i e v e  w i t h  a 
s tand-by Hamil ton S t a n d a r d  molecu la r  s i e v e .  Both s i e v e s  may be 
s u b j e c t e d  to pre- launch  bake-out f o r  t h e  removal o f  any i n i t i a l  
con tamina t ion  w i t h i n  t h e  bed .  The A i r  Research d e s i g n  u t i l i z e s  
t h e  h e a t e r s  imbedded w i t h i n  t h e  m o l e c u l a r  s i e v e  mater ia l  and a 
vacuum pump to s i m u l a t e  t h e  bake-out c o n d i t i o n s  as t h e y  w i l l  
o c c u r  i n  o r b i t .  The Hamilton S t a n d a r d  d e s i g n  uses  a h o t  g a s  
purge  f o r  pre- launch  bake-out .  A common pre- launch  bake-out 
p rocedure  would b e  p r e f e r a b l e  if t h e  two d e s i g n s  a r e  combined 
i n  a redundant  sys tem.  

The A i r  Research molecu la r  s i e v e  i s  des igned  for a 
t h r e e  man crew w h i l e  t h e  Hamilton S t a n d a r d  d e s i g n  i s  f o r  a two 
man crew. The a tmosphe r i c  composi t ion f lowing  through t h e  s i e v e s  
I s  a l s ~  d i f f c r e z t .  A A P  u s e s  a two gas oxygen jn i t rogen  atmosphere 
whereas MOL u t i l i z e s  an oxygen/helium a tmospher i c  composi t ion .  
A d d i t i o n a l  t e s t i n g  would undoubtedly b e  r e q u i r e d  to v e r i f y  t h a t  
t h e  Hamilton S t a n d a r d  d e s i g n  would per form s a t i s f a c t o r i l y  f o r  
a t h ree  man crew and t h e  A A P  cab in  atmosphere.  

A number of a d d i t i o n a l  problems are  l i k e l y  to be  
encoun te red  i n  combining t h e  two molecu la r  s i e v e s  i n  a s i n g l e  
sys tem.  S i n c e  t h e  molecu la r  s i e v e s  were des igned  f o r  launch  on 
d i f f e r e n t  v e h i c l e s ,  i t  i s  very  l i k e l y  t h a t  t h e  v i b r a t i o n a l  and 
a c c e l e r a t i o n  r equ i r emen t s  a r e  d i f f e r e n t  f o r  t h e  two d e s i g n s .  
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A d d i t i o n a l  t e s t i n g  would b e  r e q u i r e d  t o  q u a l i f y  t h e  Hamil ton 
S t a n d a r d  m o l e c u l a r  s i e v e  f o r  a n  S I V B  l aunch .  A d d i t i o n a l  t e s t i n g  
would a l s o  be r e q u i r e d  t o  v e r i f y  t h a t  t h e  Hamilton S t a n d a r d  
d e s i g n  w i l l  de so rb  t o  space a d e q u a t e l y  th rough  t h e  A i r l o c k  
Module vacuum ven t  c o n f i g u r a t i o n .  The e l e c t r i c a l  c o n n e c t o r s  
on t h e  Hamilton S t a n d a r d  d e s i g n  are d i f f e r e n t  from t h o s e  b e i n g  
used  i n  t h e  A i r l o c k  Module and would have t o  b e  changed. There 
a re  t h e  a d d i t i o n a l  problems of i n c r e a s e d  crew t r a i n i n g  r e q u i r e -  
ments and  i n c r e a s e d  o p e r a t i o n a l  complexi ty  a s s o c i a t e d  w i t h ' t h e  
combina t ion  of two u n l i k e  d e s i g n s .  The i n c r e a s e d  s y s t e m s  
f a m i l i a r i z a t i o n  requi rement  p e r t a i n s  t o  t h e  i n s t a l l a t i o n  crew 
as w e l l  as t h e  f l i g h t  crew. Although n o t  d i r e c t l y  measu rab le ,  
i t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e d  complexi ty  cou ld  r e s u l t  i n  
degraded  performance of t h e  crew. 

C O N C L U S I O N S  

If t h e  L i O H  p r e s e n t l y  b a s e l i n e d  aboa rd  AAP-2 i s  
removed as a r e s u l t  o f  weight  c o n s i d e r a t i o n s ,  i t  i s  t h e  a u t h o r ' s  
o p i n i o n  t h a t  t h e  backup s y s t e m  r e p l a c i n g  it s h o u l d  be ar; a d d i -  
t i o n a l  A i r  Research  ( A A P )  mo lecu la r  s i e v e .  

The m o t i v a t i o n  f o r  combining two d i f f e r e n t  s i e v e  d e s i g n s  
i n  t h e  redundant  c o n f i g u r a t i o n  r e s u l t s  from a n  e f f o r t  t o  d e c r e a s e  
t h e  chance t h a t  any s i n g l e  unexpec ted  f a i l u r e  mode a t t r i b u t e d  
d i r e c t l y  t o  t h e  zero-G environment cou ld  comple te ly  d i s a b l e  t h e  
C 0 2  removal  sys tem.  However, i n  b a s i c  d e s i g n  concep t ,  f u n c t i o n a l  
o p e r a t i o n ,  and component hardware,  t h e  A i r  Research  and Hamil ton 
S t a n d a r d  d e s i g n s  a re  very  s imi l a r .  Thus, i t  i s  u n l i k e l y  t h a t  
t h e  two s y s t e m s  w i l l  have  s i g n i f i c a n t l y  d i f f e r e n t  f a i l u r e  modes 
which can b e  a t t r i b u t e d  d i r e c t l y  t o  t h e  zero-G envi ronment .  T h i s  
i s  no t  t o  s a y  t h a t  t h e  f a i l u r e  modes of  t h e  two d i f f e r e n t  d e s i g n s  
would be  t h e  same. F a i l u r e  mode d i f f e r e n c e s  r e s u l t i n g  from 
q u a l i t y  and workmanship d i f f e r e n c e s  may very  l i k e l y  e x i s t .  How- 
e v e r ,  these  are t h e  t y p e  of  d e f e c t s  which can  b e  e l i m i n a t e d  by 
thorough ground t e s t i n g .  The p o i n t  t o  b e  made i s  t h a t  i f  zero-G 
d e s i g n  d e f i c i e n c i e s  e x i s t  i n  t h e  A i r  Research  d e s i g n ,  t h e n  t h e y  
p robab ly  e x i s t  i n  t h e  Hamilton S tanda rd  d e s i g n  a l s o .  

A number o f  i n t e g r a t i o n  problems a s s o c i a t e d  ~ i t h  COK- 

b i n i n g  t h e  two d i f f e r e n t  des igns  i n  a redundant  sys tem a l s o  a r g u e  
a g a i n s t  t h e  i n c o r p o r a t i o n  of two d i f f e r e n t  s i e v e s  i n  AAP-2. 
Gran ted  t h a t  none o f  t h e s e  problems i s  i n s u r m o u n t a b l e , i n  combina- 
tion t h e y  would l i k e l y  add t o  i n c r e a s e d  c o s t  and perhaps  s c h e d u l e  
d e l a y s .  A t  t h e  very l e a s t ,  t h e y  add complexi ty  w i t h  l i t t l e  hope 
of  any measurable  compensating g a i n .  
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A f i n a l  p o i n t  which f a v o r s  t h e  use  of a backup 
A i r  Resea rch  m o l e c u l a r  s i e v e  i s  its h i g h e r  l e v e l  o f  b u i l t - i n  
redundancy.  Appendix B i n d i c a t e s  t h a t  t h e  A i r  Research  d e s i g n  
o f f e r s  redundant  o p e r a t i o n s  f o r  d e a l i n g  w i t h  s i x  p r e d i c t a b l e  
f a i l u r e  modes; t h e  Hamilton S t a n d a r d  d e s i g n  o f f e r s  redundancy 
or m a i n t a i n a b i l i t y  t o  cope w i t h  t h r e e  o f  t hese  f a i l u r e s .  

1022-  J JS-ms 

Attachment 
Appendices A ,  B y  C 



BELLCOMM, f N C .  

REFERENCES 

1. A i r l o c k  P r e l i m i n a r y  Design Review Data Package, McDonnell- 
Douglas Corpora t ion ,  November 29, 1967.  

2 .  E v a l u a t i o n  of AAP A i r lock  Module Molecular  S i e v e  CO 
Removal Subsystem Proposa l s ,  C .  C r e w s  and Luino D e l f l O s s o ,  
Jr . ,  C r e w  Systems D i v i s i o n ,  Manned S p a c e c r a f t  Center,  
December 1 4 ,  1967.  

3 .  MOL Data Book, Volume I ,  System C o n f i g u r a t i o n  Data, Sequence 
Number B278, Douglas Missile and Space Systems D i v i s i o n ,  
McDonnell-Douglas Corpora t ion ,  June  30, 1968. Bellcomm 
Refe rence  No. 68-4038 (SECRET DOCUMENT). 

4 .  P e r s o n a l  Communication, E .  J .  Wulf ,  Hamilton S t a n d a r d  
D i v i s i o n  of  Uni ted  A i r c r a f t  C o r p o r a t i o n ,  November 4 ,  1968 .  

5 .  P e r s o n a l  Communication, L .  Calhoun and M .  P e e p l e s ,  
McDonnell-Douglas Corpora t ion ,  September 23, 1968 .  



Q 
k 
0 
rn 
a, 
n 
=r 
rl 

n 

n 

e 
k 
cd a c 
cd 
-P 
rn 
I c 
0 
c, 
rl 

-8 
x 

d 
0 .z 

v 

a, z 

n 

.s 
k 
cd 
a, 
rn 
a, 
P= 
k 
.rl 
4 

& 
4 
4 

W 

Q 
LI 
0 
rn 
0 
cl 
E 
7 
7 
0 
cd > 
n 

0 
*rl 
c, 
cd 
L, 
cd 
-rl a 
4 .  

4J 
7 
0 
I 
a, 
.% 
cd 
m 

cd 
d 
m a 
In 

rl 3 9 
k 
0 
rn 
L, 
4 

0 
In 
rl 

c 
a, 
M 
h 

k X  

n 
ru 
0 a- 

J 
In 

a, 

ru 
ru 
Ln cd 

-4 ' 

m a 
In 
M 

cd 
*rl 
rn a 
In 

.. 

n 
rl 
cd 

0 a 
h 
h 

a 
h 
h 
c 
0 

c 
0 
rn a 

rn 
O r l  

M 
c u m  

5 L ,  

m 
rn a 
-4 
2. 
cd 
n 

.rl 
E a  

0 a .  
N r l  

.rl 
2. 
cd 
n 

a 
k 
0 
rn 
a, 
CI 

,Q 
k 
0 
rn 
a, 
n 
E 
7 
7 
0 
cd 
3 
n 

0 
*rl 
-P 
cd 
,Q 
cd 
Ti 

5 
4 

a 
a, 
m 
cu 

c, 
2 
0 
1 
a, 
2 
cd 

3 
m 

0 
u3 
M 

r) 

rl 
cd c 
*rl 
E 
0 z 
3 
a3 

M 

Ln 
rl 

n 
a 
k 
0 
rn 
Q 
4 
Ln 
rl 

h 
x 
cr) 
rl 

a, 
a 
h 
E 

4 
In 

a, a 
h E+ 

cd a 
\ 

.n 
rn 
a, 

h 
cd a 
\ 
rn 
Ll 

rn 
Q 
rl 

L n  
M 
rl 

rn G a 7 
rl c 

.rl 
Ln E b 

a, a, a a 
rl 

Ln c 
0 

\D M 

c 
0 a, 

k 
7 
rn 
rn 
a, 
k 
PI 

rl 
cd 

+rl 
c, 
a 
k 
0 

i-l 
(d 
3 

a, 
p: 

z 
a, 

rn 
0 

-P 
E rn 

a, 
0 
cd 

6.i 
k 
a, 
c, c 
H 

rn a 
4 

4 

c cc 
a, 
3 
0 
PI 

: 
7 
rl 
0 > 

a, 
a 
h 
E 

c\J+ 
ocd 
UE 

05 ma, x m  
a, 
3 G 

0 
h 



5 
k 
(d a 
c 
cd 
c, co 
c 
0 
c, 
rl 
.rl 
E 
cd z 

vl w 
H 
vl 

e= 
4 
4 
3 
u w 
4 
0 z 
K 
4 a z 
4 
E co 
z 
0 
E 
4 
H z 
x 

Q Z  
2 4  w 
h Z  ! & u  
411;  

4 w 
vl w lz 
e= 
H 
4 

G 
0 

vl w 
P; 
3 
E 
4 
r d  
G 

E z 
4 a 
2 
3 a w 
E 

n 

a 4  

E a  

c 
c, 
.rl 
5 

h 
0 
c 
(d 
d c 
7 a 
a, 

P= 
k 
0 

a, 
k 
3 
c, 
cd 
z 

c 
0 
.rl 
c, 
cd 
k h 
a, 0 
a c 
0 cd 

d a c 
a,a 3 aa, a 
cda a, 
k cc 
W a ,  
a,c 0 a 0  2 

E 
.rl 
E 
a, 
rl 
0 
h u 

rl 

a, cc 
cd 
a 
ro 

33 
0 
c 
cd a 
c 
3 a 
a, 
k 
0 z 

cu M 

h 
0 
c 
cd a 
c 
5 a 
a, 
k 
0 
2 



I 
0 

I 



I- m 

a > a 
VJ 
.- r- 
$ I 

L d  I 

en I 
I 

i 

C L  .- a 
c c  s: I 
o x  

O W  

E +  
O Q  L a  
L L I  I 

0) > 
Q > 
Y 
0 
0) x 
0 

c 

5 
3 
0 
Q w 
0 
I- 

L a 
CI 
v) 

C 
Q 
0 
en c 

L 
0 
v) 
U 
4 

.- 

.- 
n 


